The first molecular capsule based on an [Ir(ppy) 2 ] + unit (ppy = 2-phenylatopyridine) has been prepared.
Introduction
The combination of transition metal ions and geometrically complementary, multitopic bridging organic ligands has led to the preparation of numerous molecular capsules and cages. 1 These assemblies possess welldefined internal cavities that promote the ingress of guest molecules so that interesting functions, such as catalysis or the stabilisation of reactive species, may be observed. 1, 2 By and large, the transition metal ions within these systems have played solely a structural role, offering advantages such as predictable, welldefined coordination preferences and bond strength. 3 However, transition metals and their complexes often possess many other notable features, such as interesting photophysical properties; arguably the most wellknown class are the poly(pyridyl) complexes of ruthenium(II), 4 While the product gave a relatively complex 1 H NMR spectrum (see the Supporting Information, Figure S1a ), Nanoelectrospray Mass Spectrometry (n-ESI-MS) showed an intense 2+ peak at 2106 m/z (see the Supporting Information, Figure S2a) Figure S3a ). This led us to postulate that 1.6OTf is formed as a complex mixture of diastereoisomers 13 when the synthesis commences from racemic rac- [(Ir(ppy) 16 We have found that the most efficient method to obtain both enantiomers (which, as expected, exhibit mirror image CD spectra, see the Supporting Information, Figure   S4 ), is to resolve with both D and L-serine, as the similarity in R f values on silica ensure that only the faster running diastereoisomer can be obtained in significant quantities. Both enantiomers crystallize in the chiral space group P2 1 2 1 2 1 upon diethyl ether diffusion into saturated dichloromethane solutions; the solid-state structures (see the Supporting Information, Figure S5 ) reveal that the compound isolated following resolution with D-serine is Λ- [(Ir(ppy) which was then isolated after a few hours stirring at room temperature. We were delighted to find that not only were the 1 H NMR spectra of the two products indistinguishable (see the Supporting Information, Figure   S1b and c), but also clearly single species with the number and ratio of tcb to ppy signals consistent with the sole formation of Λ and Δ-1. CD confirmed that the two compounds were enantiomers (see the Supporting information, Figure S4 ). The mass spectra also showed essentially single species at 2106 m/z, which correspond to the doubly charged and that the activation barrier for this process is 18 kcal mol −1 (see the Supporting information, Figure S9 ).
Corroboration of the capsule's structure ( Figure 1 ) was obtained from XRD using single crystals grown from benzene diffusion into a saturated dichloroethane solution of Δ-1·6OTf. 18, 19 The solid-state structure supports the solution structure, [4OTf⊂Δ-1] 2+ , showing triflates located in each of the octahedron 'windows'. For two encapsulated triflates (with S labels 3 and 4), the S-C axis points towards the centre of these vacant windows (or if viewed as a truncated tetrahedron, towards the vertex) forming a series of close contacts between the triflate oxygens and the hydrogen atoms attached to tcb, and the ortho pyridyl positions. The other encapsulated anions (with S labels 1 and 6) are positioned in a slightly more "side-on" fashion, with the cage forming short contacts between two of the oxygen atoms and one of the fluorines. It seems probable that in solution these two distinct triflate co-conformations participate in a low energy exchange process, thus explaining the presence of a single "encapsulated" signal by While the quantum yields for Λ and Δ-1.6OTf, found to be 0.04 in air-equilibrated tetrachloroethane (see the Supporting Information) are comparable to many cyclometallated Ir complexes under similar ambient conditions, 24 these often utilise either bidentate or strongly coordinating (and high ligand strength) monodentate ligands. 25 As far as we are aware, this is the first time a collection of weakly coordinating ligands has been used to inhibit non-radiative ligand dissociation pathways. 26 Interestingly, the emission intensity of Λ and Δ-1.6OTf only increases marginally (by a factor of 1.1) when the samples are thoroughly degassed, in contrast to many other such Ir complexes, 24 suggesting that the metallosupramolecular architecture may also in someway inhibit collisional O 2 quenching. 24b Alternatively, the presence of four desolvated anions located within the cavity of the capsule may provide such an efficient, alterative non-radiative decay pathway (e.g. via electron transfer) that the capsule is insensitive to the presence of O 2 . acts as a luminescent anion sensor, this also suggests it may be possible to tune luminescent properties of multimetallic Ir assemblies through supramolecular means rather than via conventional covalent modification.
Our initial attempts to expand host-guest chemistry to neutral organic species have so far been hampered by the low solubility / stability of Λ/Δ-1 in more polar solvents.
In summary, the first molecular capsule based on an [Ir(ppy) 2 ] + unit has been assembled using a multitopic nitrile ligand and enantiopure Ir starting materials. This incorporation leads to luminescence not present in a comparative mononuclear complex. In addition, we have shown that the same capsule is capable of binding multiple same-charge species and that these can be swapped for other anionic guests. We are currently exploring further aspects of this system, in particular how guest-binding features and photophysical properties relate, and whether the light-harvesting properties can be exploited in relation to potential substrate binding.
